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PART 1

GENERAL

A. \.'R2-DUC7I0N. The U.S. Army Defense Ammunition Center and School (USADACS)

.e the U.S Army Tank-Automotive Command (TACOM) to conduct

ny testg or the U.S. Marine Corps Light Armored Vehicle-

- It -he tests on the LAV- were conducted to evaluate its

r transprt nO a capacity load (4,000 ibs) and other munition

ve e is _xpe.ted to carry.

t
l heraid impact and the road hazard course tests were conducted with

1:'_ load mecnl secured using the six web strap tiedown assemblies

" w -h e LAV-.

1 - ITy. The test was accomplished in accordance with mission

e- deeated by t.he U.S. Army Armament, Munitions and Chemical

7 A A,' 'M Reference is made to the following:

toter 1 74, to AR 740-1, 23 April 1973, Storage and

A -., A t v y Oper - I ;n.

Y'.' -70uarM 1986, Mission and Major Functlon of

-andh TA-i M AMCFM-LA-E, 7 August 1987, subject:

: t:,: fo ".- LY -*;Irma:port Amrnunt~on.

1. '-/ h- : fnh's test was to evaluate and determine :f the

I. ' s+,tab t to transport ammun itoni.

................... .4.. mx tst, a pin in the vehice ::edown

-. %.. .7' *. tr ' ,''A 1. were

'. ,': : r.: " 1 ";: . t., v. 1>. 1e r -tav:.-



impacts left the web straps securing the pallet very loose and the straps had

moved from their original position. The pallet restraint niethod had failed.

The LAV-L was tested on the USADACS road hazard course with loads

representative of the various types of ammunition expected to be carried in the

vehicle. The three test loads were restrained with the six web straps issued

with the LAV-L. The movement of the various loads was minimal during the test.

A rail impact retest of the LAV-L was performed with a 4,000-lb pallet

secured in the cargo area. Prior to this rail impact retest, eight replacement

tiedown clevises were received from the Marine Corps at Twentynine Palms, CA.

These clevises were placed on the LAV-L prior to the test. The 4,000-lb pallet

moved forward and rearward during the rail impacts, but the pallet remained

within the confines of the cargo area and no damage resulted.

E. RECOMMENDATIONS.

(1) It is recommended steps be taken to assure that proper vehicie tij-

down clevises are used on the LAV-L when the vehicle is cabled to a railroad

flatca-. Permanently attaching the proper clevises to the LAV-L is also

recommended.

(2) It is recommended that USADACS be tasked to develop a 19-48 series

drawing delineating proper restraint and tie down of ammunition in the LAV-L.

F. APPROVAL

Using the securement procedures developed in the transportability

testing, the LAV-L is approved for transport of ammunition on/off highway and

under load while secured to a railroad flatcar.

1-2



PART 2

Light Avmored Vehicle-Lo.istics (LAV-L) and M927Al/M925Al
Rail Impact Testing, 15-16 December 1987

ATTENDEES
NAME & PHONE NUMBER ADDRESS

Mr. C. Wayne Crews Commander
AV 927-4646 Military Transportation Engineering

Agency
ATTN: MTT-TRV
P.O. Box 6276
Newport News, VA 23606-0276

Mr. John A. Green Assistant Chief Engineer
Com. (202) 639-2357 Freight Claim and Damage Prevention

Division
Association of American Railroads
50 F Street NW
Washington, D.C. 20001

Mr. Robert J. Ewoldt Inspector,-Hazardous Materiels
Com. (202) 592-5637 Association of American Railroads

50 F Street NW
Washington, D.C. 20001

Mr. Jim Alexander Military Traffic Management Engineering
AV 927-4646 Agency

ATTN: MTT-TRU
Warwick Blvd., P.O. Box 6276
Newport News, VA 23606

mr. Pat Brennan 30 LAV Bn. 7th MAB
AV 952-6854/6848 FMF
Com. (619) 368-6854-6848 Twentynine Palms, CA 92272

Mr. John L. Pappin AM General
Com. (313) 523-8907 P.O. Box 3330

Levonia, MI 48151

Mr. Max Kahn U.S. Army Tank-Automotive Command
AV 786-6975 ATTN: AMCPM-TV-EM
Com. (313) 574-6975 Warren, MI 48397-5000

Mr. Jerry Krohn Director
AV 585-8908 U.S. Army Defense Ammunition Center
Com. (815) 273-8908 and School

ATTN: SMCAC-DEV
Savanna, IL 61074-9639

Mr. John Simons Director
AV 585-8927 U.S. Army Defense Ammunition Center
Com. (815) 273-8927 and School

ATTN: SMCAC-DEO
Savanna, IL 61074-963
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PART 3

TRANSPORTABILITY TESTING PROCEDURES

A. RAIL IMPACT TESTING:

Rail impact testing was accomplished in compliance with previously

approved and standardized testing procedures as shown on Page 3-4 and

described as follows:

1. The 'Specimen Car' was scheduled tu be impacted four times; three

times at speeds of 4, 6, and 8 mph in one direction, and one time at 8 mph

in the opposite direction. The latter two impacts cited are minimum speed

requirements.

2. Impacting was accomplished by striking the test car (specimen car)

into a line of five stationary cars (buffer cars). The buffer cars were

coupled with all connecting draft gears compressed together to the maximum

extent possible under prevailing conditions, with all air brakes in a *set

position.

3. A locomotive (switch engine) was utilized to start the 'specimen

car* rolling in the direction of the buffer cars along an approximate 300-

foot segment of level trackage.

4. The *specimen car* was cut loose from the engine approximately

75 feet from the point of impact and allowed to run freely into the first of

the buffer cars.

5. Impacting speeds were determined by the utilization of an electronic

counter which measured the time required for the specimen car to traverse an

l1-foot distance immediately prior to contact; recorded elapsed time was

converted to mph speeds. Additional verification of impacting speeds was

accomplished by utilization of an electronic stop clock.

3-1
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B. ROAD TESTING PROCEDURES

wive separato road testing steps are required as identified herein:

SStep No. 1. This step provides for the specimen load to be driven

over a 200-foot-long segment of concrete paved road which consists of two

series of rai'road ties projecting 6 inches above the level of the road

surfa're This hazard course was traversed two times.

3. The first series of ties are spaced on 8-foot centers and

a~rnately positioned on opposite sides of the road centerline for a

j~st.anco of 50 feet.

b. Following the first series of ties, a pa'red roadway of 75 feet

separotes the first and second series of railroad ties.

1. The second series of ties are alternately positioned similarly

to the first, but spaced on 10-foot centers for a distance of 50 feet.

j. The specimen load was driven across the hazard course at speeds

that would produce the most violent vertical and side-to-side rolling

rei tDon obtainable in traversing the hazard course (approximately five mph).

2. cltep No. 2. This step consist of 30 miles of travel over availble

,. 1 onsisting of gravel, concrete and asphalt, curves, cattle

ie : stops and starts.

Ze c. 3. This step provides for the specimen load to be sub-

, hree fill air brake stops while traveling in the forward direction

n the reverse direction while traveling down a seven percent grade.

.e stops are at speeds of 5, 10, and 15 mph, while th? stop in

r, . in ofs pprx imate'y 5 mph.

~a 4 Th~ t~ :ao~s~ a.a reea.at hatidentl fied in



5. Step No. 5. This step provides for the specimen load tc be driven

over a 300-foot-long segment of concrete paved road which has rails spaced

on 26-1/2-inch centers and protruding two inches above the road surface. The

specimen load was driven at the speed which will produce the most violent

response.

NOTE: Step Nos. 3 and 5 may be deleted at the discretion of the test

conductor.

C. INSPECTIONS AND DATA COLLECTION

At selected intervals during testing, thorough inspections of the

specimen loads were made by technically proficient personnel to collect data

oi, the specimen load and equipment resulting from above load test steps.

This data is recorded in Part 4, following.

3 -4
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PART 4

TEST 9PzrM~c AND RESULTS



'.- KA: L MPAT _TEST

TO Ligh. Ar rnec Vr ' .. -tc s LAV- W was se:ured to rai ruad

flatcar, EM 6i0.7 with a tcti c eiit 5/68-in cables. Two cahles were placed

tnyough eanh clevies on the LAV-Ai arJ tens cned through the stake pocke!s or the

side of the ia~Ircad flatcar.

Within the cargo carrying area of the LAV-L, a pallet of M548 inertiy

loaded metal cans weighing 4,000 pounds was secured with six web straps issued

with the LAV-L. Two web straps extended over the pallet longitudinaiiy, two

web straps extended over the pallet laterally and one strap extended around the

f-rward and rear of the pallet just above the pallet base.

During the six mph (6.42 mph actual speed) rail impact, the pin in the

vehicle tiedown clevis located on the driver's side on the front of the LAV-L

failed. The pin failed through the throat of the first thread from the head

side of the pin of the clevis.



<A

N I Q 7

.. . . ... . I-ed (n a railroad

::<' ~ ~ ~ ~ ~ ~ ~ ~ i i ' :=:< ,'] . ,,;s we 18h: 4,000 p oun d s

" - ). < . Wt. 47,0D0 lbs.

. ,- , 26 , lbs.

a'. t iWt. 72 0 lbs.

r .- ,  Wt. 2bO,00 Ilbs.

.ND 37 7-. >1.. .. EMARKS

4 7.1 .p, FI'le¢ moved rearward 2-1/2 inches

1 42 mph Fallet rebounded forward I,2 inch.

Clevis on left front of LAV-L

failed. FArLTRE
Test stopped.
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A " 2:: . .  ..... .. ACELL. ON PXEL

SPEED PEAK VALUE DURATION AREA
MPH G' S MILLISECONDS G'S-SECONDS

;:'-A7 " 4.34 .03 65.87 .00
',vF3AT: in .v: L E 6. 42 -. ]6 61.99 .01

IMl' A, 7 4.18 -. 05 71.26 .00
jTAC .? 4 6.30 -. 06 60.82 .00

W831 -9.46 87.37 .45

MFA,' REVRSE 8.21 -. 13 87. 10 .01

APE CHANNEL 8 VERT. ACELL. ON AXEL

T-EST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

I4 ACT 1 4.34 - .22 8385 .01
:P'ACT 2 FAILURE) 6.42 .36 80.40 .02
IMPACT 3 4.18 -. 42 79.86 .02
INt;)ACT 4 6.30 -. 42 88.55 .02
'MPACT 5 8.31 -9.11 81.48 .41

IMPACT 6 (REVERSE) 8.21 .35 72.84 .02

TAPE CHANNEL 9 LONG. ACELL. ON BODY

TEST SPEED PEAK VALUE DURATION AREA
MPH G''S MILLISECONDS G'S-SECONDS

IMPACT 1 4.34 -. 67 96.03 .04

IMPACT 2 (FAILURE) 6.42 -. 79 107.30 .05

IMPACT 3 4.18 -. 64 98.98 .04

IMPACT 4 6.30 -. 82 94.45 .04

:MPACT 5 8.31 -9.43 76.79 .41

IMPACT 6 (REVERSE) 8.21 1.35 89.57 .07

TAPE CHANNEL 10 LAT. ACELL. ON BODY

SPEED PEAK VALUE DURATION AREA

MPH 13'S MILLISECONDS G'S-SECONDS

4. 34 -. 09 77.36 .00
A , A:LURE) 6.42 -. 24 69.93 C1

4. 13 -09 65 56 .

6.30 -. 3 66. 92

8.31 -9 39 76.37
9 -. 56.22
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SYNOPSIS OF RAIL IMPACT RETEST

After failure of the clevis in the six mph rail impact of the LAV-L and

with no replacement clevis available, both clevises were removed from the

front tiedown p-ovisions of the LAV-L and the two 5/8-inch cables were placed

dirctly through the alternate vehicle front tiedown provisions without the

use of a clevis. The rear cabling remained as tested in the previous test.

N) problems were experienced with the vehicle tiedown procedure; however,

or the reverse impact, the horizontal strap around back of the pallet became

slack ar7d dropped to the floor of the LAV-L where it offered no restraint.

This cargo tiedown procedure failure requires a retest.



TEST SPECIMENS AND RESULTS

RAIL IMPACT TEST DATA

Test No. 2 Load No. 1 Date: 19 November 1987

Specimen Load: Light Armored Vehicle-Logistics (LAV-L) loaded on a railroad

flatcar. One pallet of M548 inertly loaded metal cans weighing 4,000 pounds

secured within the LAV-L with six web straps.

Test Flatcar No. BN 600071 Lt. Wt. 47,000 lbs.

Reference Load No. 1 Wt. 26,000 lbs.

Total Specimen Wt. 73,600 lbs.

Buffer Car (5 cars) Wt. 250,000 lbs.

IMPACT END STRUCK VELOCITY REMARKS

I B 4.18 Pallet moved 1/4 in. rearward.

2 B 6.70 Pallet moved additional 3/4 in. rearward
and left 1/4 in.

3 B 8.31 No visible change.

4 A 8.21 Pallet moved 5-3/4 in. forward.
Horizontal strap around rear of pallet
dropped to floor. Vehicle tiedown
clevises twisted on vehicle mounting.

4-16



RESULTS OF THE RAIL IMPACT TEST
ON THE MARINE VEHICLE

DATE: 18 & 19 NOVEMBER 1987

TAPE CHANNEL 3 : LONG. ACELL. ON SILL

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.34
IMPACT 2 <FAILURE) 6.42
IMPACT 3 4.18
IMPACT 4 6.30
IMPACT 5 8.31 -23.33 75.85 .

IMPACT 6 (REVERSE) 8.2i 2.31 80.16 .11

TAPE CHANNEL 4 . VERT. ACELL. ON SILL

TEST SPEFT PEAK VALUE DURATION AREA
W.H G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.34
IMPACT 2 (FAILURE) 6.42 -. 23 48.89 .01
IMPACT 3 4.18 .43 51.69 .01
I*PACT 4 6.30 .53 51.27 .02
IMPACT 5 8.31 -22.37 80.27 .99
IMPACT 6 (REVERSE) 8.21 .45 69.21 .02

TAPE CHANNEL 5 : LONG. ACELL. ON AXEL

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.34 -. 61 96.06 .03
IMPACT 2 (FAILURE) 6.42 -. 73 106.74 .04
IMPACT 3 4.18 -. 57 101.48 03
IMPACT 4 6.30 -.74 94.63 .04
IMPACT 5 0.31 -9.42 79.89 .42
IMPACT 6 (REVERSE) 8.21 1.26 89.12 .06

TAPE CHANNEL 6 RAIL COUPLER FORCE

TEST SPEED PEAK VALUE DURATION AREA
MPH POUNDS MILLISECONDS POUNDS-SECONDS

IMPACT 1 4.34 158854.09 122.18 10751.63
IMPACT 2 (FAILURE) 6.42 200351.28 115.39 13073.83
IMPACT 3 4.18 152495.34 116.12 9896.45
IMPACT 4 6.30 201556.09 108.80 12251.03
IMPACT 5 8.31 222019.28 107.83 13409.15
IMPACT 6 (REVERSE) 8.21 213343.91 120.06 14588.39

4-17



TAPE CHANNEL 7 LAT. ACELL. ON AXEL

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.34 .03 65.87 .00
IMPACT 2 (FAILURE) 6.42 -. 16 61.99 .01
IMPACT 3 4.18 -. 05 71.26 .00
IMPACT 4 6.30 -. 06 60.82 .00
IMPACT 5 8.31 -9.46 87.37 .45
IMPACT 6 (REVERSE) 8.21 -. 13 87.10 .01

TAPE CHANNEL 8 VERT. ACELL. ON AXEL

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.34 -. 22 83.85 .01
IMPACT 2 (FAILURE) 6.42 .36 80.40 .02
IMPACT 3 4.18 -. 42 79.86 .02
IMPACT 4 6.30 -. 42 88.55 .02
IMPACT 5 8.31 -9.11 81.48 .41
IMPACT 6 (REVERSE) 8.21 .35 72.84 .02

TAPE CHANNEL 9 LONG. ACELL. ON BODY

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.34 -. 67 96.03 .04
IMPACT 2 (FAILURE) 6.42 -. 79 107.30 .05
IMPACT 3 4.18 -. 64 98.98 .04
IMPACT 4 6.30 -. 82 94.45 .04
IMPACT 5 8.31 -9.43 76.79 .41
IMPACT 6 (REVERSE) 8.21 1.35 89.57 .07

TAPE CHANNEL 10 LAT. ACELL. ON BODY

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.34 -.09 77.36 .00
IMPACT 2 (FAILURE) 6.42 -.24 69.93 .01
IMPACT 3 4.18 -. 09 65.56 .00
IMPACT 4 6.30 -. 13 66.92 .01
IMPACT 5 8.31 -9.39 76.37 .41
IMPACT 6 (REVERSE) 8.21 -. 09 56.22 .00

4-18



TAPE CHANNEL 11 : VERT. ACELL. ON BODY

TEST SPEED PEAK VALUE DURATION AREA
MPH G S MILLISECONDS G'S-SECONDS

IMPACT 1 4.34 -. 24 74.45 .01
IMPACT 2 (FAILLRE) 6.42 -. 14 112.64 .01
IMPACT 3 4.18 -.40 82.17 .02
IMPACT 4 6.30 -.44 85.20 .02
IMPACT 5 8.31 -9.38 74.47 .40
IMPACT 6 (REVERSE) 8.21 .74 115.34 .05

NOTES:
*****: DATA NOT AVAILABLE.
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SYNOPSIS OF ROAD COURSE TEST

In road testing the LAV-L, the 4,000 pound pallet of inert loaded M548 cans

was restrained with two web straps laterally over the top of the pallet and one

5trap around each end of the pallet base to curtail longitudinal movement.

No movement of the pallet wa' noted during the entire test.



ROAD TEST DATA

TEST NO. 3 DATE 20 November 1987

TEST SPECIMEN: Light Armored Vehicle-Logistics (LAV-L) road tested while

loaded with one pallet of M548 inertly loaded metal cans weighing 4,000 pounds.

PASS I-A OVER FIRST SERIES OF TIES 4.8 SEC 7.10 MPH

PASS I-B OVER SECOND SERIES OF TIES 4.65 SEC 7.33 MPH

REMARKS: No evidence of change.

PASS 2-A OVER FIRST SERIES OF TIES 5.1 SEC 6.68 MPH

PASS 2-B OVER SECOND SERIEF OF TIES 5.1 SEC 6.68 MPH

REMARKS: No evidence of change.

30 MILE ROAD TEST: No evidence of change.

PANIC STOP TEST: Not performed as vehicle was rail impacted.

PASS 3-A OVER FIRST SERIES OF TIES 5.55 SEC 6.14 MPH

PASS 3-B OVER SECOND SERTES OF TIES 5.40 SEC 6.31 MPH

REMARKS: No evidence of movement.

PASS 4-A OVER FIRST SERIES OF TIES 5.85 SEC 5.83 MPH

PASS 4-B OVER SECOND SERIES OF TIES 5.40 SEC 6.31 MPH

REMARKS: No evidence of movement.

WASHBOARD COURSE: No evidence of movement.

,_ )



SYNOPSIS OF ROAD COURSE TEST

In this test, the LAV-L was loaded with five inertly loaded Stinger

containers. The only means of restraint were two laterally placed web straps

over top of the five containers.

No significant movement was observed during the entire road test.
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ROAD TEST DATA

TEST NO. 4 DATE: 23 November 1987

TEST SPECIMEN: Light Armored Vehicle-Logistics (LAV-L) road tested while

loaded with five inertly loaded Stinger missile containers.

PASS I-A OVER FIRST SERIES OF TIES 6.75 SEC 5.05 MPH

PASS 1-B OVER SECOND SERIES OF TIES 5.85 SEC 5.83 MPH

REMARKS: No evidence of movement.

PASS 2-A OVER FIRST SERIES OF TIES 6.00 SEC 5.68 MPH

PASS 2-B OVER SECOND SERIES OF TIES 6.00 SEC 5.68 MPH

REMARKS: No evidence of movement.

30 MILE ROAD TEST: No evidence of movement.

PANIC STOP TEST: 10 mph panic stop - Stinger containers moved forward 1/2

inch.

PASS 3-A OVER FIRST SERIES OF TIES 6.45 SEC 5.29 MPH

PASS 3-B OVER SECOND SERIES OF TIES 5.85 SEC 5.83 MPH

REMARKS: No evidence of movement.

PASS 4-A OVER FIRST SERIES OF TIES 5.25 SEC 6.49 MPH

PASS 4-B OVER SECOND SERIES OF TIES 5.25 SEC 6.49 MPH

REMARKS No evidence of movement.
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SYNOPSIS OF ROAD COURSE TEST

An inert mixed load consisting of four M548 metal cans, four 50

caliber boxes, four 120mm mortar boxes, and four boxes of fuses, was

secured in the cargo area of the LAV-L with three web strap tiedowns placed

laterally over the load.

The only movement of this load occu-red during the panic stops. However,

the load remained secured and no damage occurred to the load or vehicle.
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ROAD TEST DATA

TEST NO. 5 DATE: 24 November 1987

TEST SPECIMEN: Light Armored Vehicle-Logistics (LAV-L) road tested while

loaded with a mixed load of inertly loaded 120mm mortar boxes, M548 metal cans,

50 caliber cans, and fuse boxes.

PASS I-A OVER FIRST SERIES OF TIES 5.10 SEC 6.68 MPH

PASS I-B OVER SECOND SERIES OF TIES 5.40 SEC 6.31 MPH

REMARKS: No evidence of movement

PASS 2-A OVER FIRST SERIES OF TIES 6.75 SEC 5.05 MPH

PASS 2-B OVER SECOND SERIES OF TIES 5.85 SEC 5.83 MPH

REMARKS: No evidence of movement

30 MILE ROAD TEST: No evidence of movement

PANIC STOP TEST: 10 mph panic stop - load moved forward 4-1/2 inches. 15 mph

panic stop - load moved forward 1/8 inch. Reverse panic stop - load moved

rearward 1 inch.

PASS 3-A OVER FIRST SERIES OF TIES 5.85 SEC 5.83 MPH

PASS 3-B OVER SECOND SERIES OF TIES 5.25 SEC 6.49 MPH

REMARKS: No evidence of movement

PASS 4-A OVER FIRST SERIES OF TIES 5.85 SEC 5.83 MPH

PASS 4-B OVER SECOND SERIES OF TIES 5.40 SEC 6.31 MPH

REMARKS: No evidence of mol.ement

WASHBOARD COURSE: No evidence of movement
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SYNOPSIS OF RAIL IMPACT SECOND RETEST

Prior to .ie LAV-L rail impact second retest, eight clevises were received

from the Marine Corps Base, Twentynine Palms, CA. Six of these clevises were

installed on the four tiedown Drovisions on the rear of the LAV-L and on two of

the four tiedown provisions on the front of the vehicle.

in an attempt to place less strain on each clevis, the e:ght required 5/8-

inch cables were placpd singularly through each of six clevies rrA two cables

were placed through two forward provisions used in the first rail impact.

Using the cable tiedowns as previously detailed, the LAV-L with the 4,000-

pound inertly loaded pallet of M548 cans was rail impacted. The vehicle

tiedown iixtures performed as expected.

Due to loosening of a spacer block in the pallet base, the pailet moved

forward nine inches on the reverse impact. The pallet had received damage from

previous testing and movement could not be attributed to this rail impact. The

load securement procedure is approved for rail movement.



TEST SPECIMENS AND RESULTS

RAIL IMPACT TEST DATA

Test No. 6 Load No. 1 Date: 15 December 1987

Specimen Load: Light Armored Vehicle-Logistics (LAV-L) loaded on a railroad

flatcar. One pallet of M548 inertly loaded metal cans weighing 4,000 pounds

secured within the LAV-L with six web straps.

Test Flatcar No. BN60071 Lt. Wt. 47,000 pounds

Reference Load No. I Wt. 26,600 pounds

Total Specimen Wt. 73,600 pounds

Buffer Car (5 cars) Wt. 250,000 pounds

IMPACT END STRUCK VELOCITY REMARKS

I A 4.50 Pallet moved rearward two inches.

2 A 6.07 Pallet moved rearward an
additional one inch.

3 A 8.35 Pallet moved rearward an additional
four inches. Block on pallet base
broke.

4 B 8.33 Pallet moved forward nine inches.
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E-'UT "F :E AL:M '.?tTTE3T 9>. THE

MAR:NE _ LAV
S5DE--. E-,ER 1 )67

TAPE TEAr,, EJ: : " :X.'> A7olL". ON ?ILT L

S TD PEAK VALUE DURATION AREA

MPH 0'S MILLISECONDS G'S-SECONDS

M=ACT 4.50 -. 50 118.21 .04

IMPACT ' 8.35 -53.47 95.73 2.77
IMPACT 4 PEVERSE 8.33 5.54 221.56 .96

TAPE CHANNEL q VERT. ACELL. ON SIL,L

TEST SPEED PEAK VALUE DURATION AREA
MPH G' MILLISECONDS G'S-SECONDS

DMPACT 1 4.50 -. 25 70.27 .01
IMPACT 2 5.07 3.74 80.06 .15
IMPACT 3 8.35 -52.12 93.70 2.67
IMPl'ACT 4 (REVERSE 8.33 .1 80.29 .C3

TAPE CHANNEL 5 •LONG. ACELL. ON WHEEL STRUT

TEST SPEED PEAK VALUE DURATION AREA
MPH 3'S MILLISECONDS G'S-SECONDS

MTACT 4 .50 1 .19 146 .97 .09
IM3aACT 2 5.07 3.61 50.1!0 .1!3

IMP'ACT " E.35 - 7 .12, 00.12 1.51
IMPACT 4 REVERSE 3 . 57 155.57 15

TAPE 2HA NE:. s T _:' ".<7 *: E. Fq:

MT.P AUR. T I, REA

.MPEA 4E , RT ,. 41
: M J.. . . . .. ..... . . .- ' . . . . . .



TAPE CHANNEL 7 LAT. ACELL. ON WHEEL STRUT

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.50 -. 04 54.62 .00
:MPACT 2 6.07 -. 19 82.70 .01
IMPACT 3 8.35 -10.73 106.23 .60
IMPACT 4 (REVERSE) 8.33 .11 62.93 .00

TAPE CHANNEL 8 VERT. ACELL. ON WHEEL STRUT

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.50 .32 67.79 .01
IMPACT 2 6.07 2.34 88.09 .10
IMPACT 3 8.35 -26.77 96.75 1.44
IMPACT 4 (REVERSE) 8.33 .55 70.93 .02

TAPE CHANNEL 9 LONG. ACELL. ON FRAME

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.50 -. 65 144.89 .05
IMPACT 2 6.07 5.35 69.13 .20
IMPACT 3 8.35 -27.63 96.72 1.52

IMPACT 4 (REVERSE) 8.33 .91 155.77 .08

TAPE CHANNEL 10 LAT. ACELL. ON FRAME

TEST SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

IMPACT 1 4.50 -. 06 67.21 .00
IMPACT 2 6.07 4.60 78.64 .19
IMPACT 3 8.35 -27.20 95.37 1.44
IMPACT 4 (REVERSE) 8.33 .14 61.25 .01

TAPE CHANNEL 11 VERT. ACELL. ON FRAME

TET SPEED PEAK VALUE DURATION AREA
MPH G'S MILLISECONDS G'S-SECONDS

TMPACT 1 4.50 -. 42 66.37 .02
Ml ACT 2 6.07 5.56 83.01 .23
MPACT 2 8.35 -26.93 92.43 1.40
NTA' -T 4 'REVERSE) 8.33 -. 79 72.05 .03
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P ART 5

TIEDOWN DRAWINGS

an, bracing on flatcar of the LA -L, and tiedown procedures for

-alletized units and/or loose boxes within the vehicle, for

-ioveme-t tv, raiic---v and/or highway or off highway.



tOAD AS SHON

TALUA N TITY A EICGHT I A FFEOVX

L - -- -- -- - -- - - - - -- 28,200 LBS

D UNNA(GI --------- ----- 521 IRS

TOAL16IGT ----- 28,723 LBS APPBC, EN OF

APT END OF

~-45*MAX

2

K1Y NtJ,'-BFR5

C)WHEEL BLOCK (4 REOD 1. SEE DETAIL ON PAGE 4. LOCATE 4,5 END OF
-BLOCK AGAINST k. WHEEL . NAIL THROUGH HEEL OF BLOCK Wl3-A1) AND

2-60d HAILS. TOENAIL EACH SIDE TO CAR FLOOR WA*-4dA NAILS.

) RUBBING- STRIlP. 2" X 6 V 7'-0 (A REO I. POSITION ON EDGE AND N-AIL
4) ~ TO LClER PIECE MkPEED C3) Wl-lI2d NAIL EVERY 8-.

'06 SIDE BLOCKING. 2" X 4' XF 7'-0" ( TRIPLED ) (4 NEWD). NAIL THE FIRST PIECE
TC TI-F CAR FLOOR W/1-20d NAIL EVERY 11" NAIL EACH ADDITIONAL PITCE
IN A 'LKE MANNER. NOTICE- A STAGGERED NAILING PATTERN WILL BE USED
WHEN DUNNAGE IS NAILED TO THE FLOOR OF THE TRANSPORTING VEHICLE; OR

ISONIETRIC VIEW WHEN LAMINATING DUNNAGE. ADDITIONALLY, THE NAILING PATTERN FOR
AN UFFER PIECE OF LAMINATED DUNNAGE WILL BE ADJUSTED AS REQUIRLED SC

THEIS N ATH-AT A NIL FOR TI-AT PIECE WILL NOT BE DRIVEN THROUGH ONTO OR RIC-11

TI9LOAD ABOVE ISSON04 '-0" LONG BESIDEAA NAIL IN A LOWER PIECE.
BY '-5' WIDE FLAT CAR I-AVINC 1T STAqR
POCRETS ON EACH SIDE. STEEL WIRE ROFE, 5/B" OIA, 17.9 TON-,S (8R EOD ). INSTALL CARLE ANCULARLY

AS SHOWN AND TO FORM A COMPLETE LOOP PROM

BILL OF MAWR CAL STAIII POCKET CN CAR TO POINT OF ATTACHMENT ON LADING AND BACK TO
1 1 I STAKE POCKET CAUTION. DO NOT TIE TO LADING UFTING C)EVICES. NCiE.

LU'4 LI NEAR FEET BOARD) FEET CABLE OF A LARGER SI7E MAY BE USED IF AVAILABLE. WI-HEN SPECIFIED CASlE
IS NOT AVAILABLE.- SEE THE "CABLE JOINT" DETAIL ON PAG-E 4 NOTE- WIRE

2"1 4- BIA 56 EOPE CABLE MUST RE TENSIONED TO CAUSE SLIGHT VEHICLE BODY DEPRESSION
71 X 5' 2B .E TENSIONING CAN BE ACCOMPLISHED BY EMPLOYING T-VO (21) CABLE
6 . X 8 B 3? "GR IPPEES- AND AN APPLICABLE SIZED "COME-A-LONG" "YE MECHANICAL

HOIST.
NAILS NO. RE'JD POUNDE

1- (314)1o SHACKlE. SIZE 7/8" I6 BRO ). INSTALL ON-f EACH ON THE TWAO LOWER
12 1-I/A1 3~4 TIEDON . I FITTINGS ON PRONT OF VEHICLE kND FOUR TIRDCSvN FITTINGS

ZTA(4"I~~ I 2 -/N REAR OF VEHICLE.

4041(51 2F
8. B 3/4 0 THIMBIE,- STANDARD, SIZE S/* (114 RESk 1. OF-E (I PC 7TAKE POCKET

!TE IBERPE 51'- -A SI---- P FT-------1-, BS1 AND OlI CI PER SH-ACrSII SECURE TO STEEL WIRE ROPE MARkED) C4

T'AL TAF.DAR- SIZE S/AB -- 14 REO L,---- - IV' /I '-CLIlp PR T"IMBELR NOTE THAI AN OPEN TYPE THIMBE IS RECOMMENDEO.

C L! WIRE RC-PF -- - -5A4 RE'D - S 1(I /ERPES 5V 5 LO1.UEFV 5 E)CBEJITO

_____- -- P11/ .7l.PKE) (1) AND ONE I I I PEP IAMPlE. -tLC'XE A STAI-RSARD
Tf'IMALE AS SPECIFIED CAN BE SI CURES, TC A CABLE WIT1H A 51 - CII'-,
/ROIVIQ IF DESAID. OR IF THI-I/ P - TIIMBIE BEINGI tSED IS O)F A TVIR
WHICH CANNOT BE SMCUED TC A CABLE wiTH A 511P CLIP. A 3 4- 1., MAY

"r)E AT 4 14 GAGE NIEIAY BE USED IN LIEU OF A CLIP POE
51/I ET OF THE THIMPLE Tc THE HOlD DOWN CABLE.-

I9 wATIPA'NF PAPER ( F A, 5SPI'IE NT S17t TO POSETI/'N UNDER AI-D EXTENT)



NOTE: ' 'f Pi LETI:F" L IT F . CAL CARTRIDGE

THE PROCEDURES SHOWN ON THIS PAGE :'

APE FOR MOVEMENT BY RAIL CAR
AND/OR HIGHWAY OR OFF HIGHWAY. FOR
HIGHWAY AND/OR OFF HIGHWAY MOVEMENT
ONLY THE TWO LONGITUDINAL STRAPS
MARKED © MAY BE OMITTED. -

TOP HATCH,--

TIED' .4 ANC".; ct/
D:,E . L 'TVEHICLE

tfI,-TiEiFDLI-N ANCHOCRS IN FLOR11
CF VEHICLE CARGO AREA.

rlS NUMBERS
A'E"'O -

I A Ic WEF 'TI'" TfEnC-.',t; ,fl kBY f2 REOD 1. INSTALL EACH ST AP TO1
_,YT

T 
TEP IC \ 1. '',P1 £ If A FL( Cr TIEDL',AN ANCHOR, ON SIDE OF CARGO .41A,

Ap'r D I.N) -'F PAlMT j" urER THE CVRHANG AND AGAINST TiIE
P I'LFT P"F'T AS ,' , ' TC" A TIED('.,N ANCHOR ON THE OPPCIE

S[CI, .I1 F (' T'l CARC, A' LA. TAKL UP EXCESS SLAC IN STRAP AND

T :CA' : z , F [ FN P A.LLETCE.', II.IT .51, CAL T.''- ! 'r,' TV

ES -
.  

SE EJ T(' TE VEHICLE FIOCI R. ,' t! ; LI ,. H * , (. "I J'-I TEli[ (( *-. A' L'YE V (2 RECOD ). INSTALL EACH STILA TO
'-LLETIU.E:, (1 IT f{F OTHER SIZES AF41 *T I lrTE';: E' ( ' A FLC'" TIr C., N ANCHOR ON IDE OF CARGO AREA, OVER
SAME ;C )IAL TAl C' PALLFT!-O' Ai!7 TO A FLOOR TIEDCVN ANCHOR ON THE OPPOSITE

1
TTUr 'P THE CA -( 4P! A. TAKE OP EXCESS SLACK IN STRAP AND THEN

v'Erl LCA-DI.C" C'SITIC-C THE PAITEITI7EA U(FlT I' T'H',C'C T .
(ErITEP GE THE IECIO COlTH. ANTI CEF;T~E '('(AlT .',":

O rAEE' THE FLCC F TFEC,'. F C .'CI" AT TMlE PEI, i ,. VTR'P TIEDO , N (SSEI,'E 12 REr,U I. INSTALL EACH STRAP TO

THAAA '. % D - IL.L7 P E A C"E TO . & TJ H C T#'P P O F P~ t ETIM [D UN IT, TO A FLO O R TtEDO W N AN CHO R O N THE! FO WW A RDlAA ILL S[ ATTACIEED TO. 3ED CF CAEOCI AREA. TAKE UP EXCESS SLACK IN STRAP AND THEN RATCHET

LofD AS £Ha%,N

r IAN'1 Cf WEI'T f APPROX

4 LtFT ...... ........... 3. SM LBS

,ECL)P T,'r Of P AL L1IZE b; U I' : Cl; AZICD NlI



CAUTION:

THE PROCEDURES SHOWN ON THIS PAGE ARE
ONLY TO BE USED FOR ON/OFF HIGHWAY
MOVEMENT AND ARE NOT TO BE USED
FOR MOVEMENT BY RAIL CAR.

- i 45

b, Ci OF 5 CA L CAR TR IICF

I t 4N -lIOTNs OF 8- TI

TI.' Ar,2-3I.

Ft-

C-.J[ 9CX (Of .50 C.A. C.AFTI)CC

KAVING DIA(INSICNS CF 8-3 45 t: 2 F, -7 A''<
iA- 1-I X 12-3/4-. ---- ;. A- , - 5) . ' -~~~

X 11.

1.A TYPICAL LCA)D OF -'CCS', KIES LP J d.F L

I rICHTS 15 SHCrwP-N SECU O 1,1 D -'H . L

2. 6,iEN LOADING LOOSE V-CXES PCArriC. EC- V A !, . TiJj:I :I L.,.. -

0R GRCUP OF SAN4~ SIZE EC-HES, V.- FU..*--

T-AT ALL 80)(ES .. THIN T-iE LED A VIY § SICT,, r0 I I.AP- :

BY THIE STZP TIEDC-bN AKSSEMBLLSTA mr



'LL ;"5i EINDS W:Ri
WqAF E') CR TAPED OR

.JALOA LIN' .-

DUTY 1-B(11 CLII-.

ILLI

CABALE CUPIIS WILL BE

'WITH THE U" SIDE ON

THE DEAD END LINE.

CABLE JOINT

-RCPFR TIGHTENIN~G CF THE WIRE ROPE CLIP NUTS CAN BE
A(CC'LfifCD BY UJTILIZING A PROPER SIZED TORQUE WRENCH.
AFDT THE NUTS HAVE BEEN INITIALLY TIGHTENED, THE 'U" SIDE
-F EACH CLIP MUST B' STRUCK SEVERAL TIMES WITH A KAMMER TO:
NSURF PROPER SEATING INTO THE DEAD END LINE. FINAL TORCQUE
'ill-1 REACQUIRED BY REPEATEDLY AND ALTERNATELY TIGHTENING

EACH CLIP N UT. THE NUTS ON 5/08 CUPS WILL BE TIGHTENED TO A
tIRTXTE CF I35 TO TT0 FOOT POUNDS. NOTE IF A TORQUE WRENCH
IS NOT lVAILAL FOR TIGHTENING, CLIP NUTS, THE PROP'ER TORQUE
FO7R CLtip NUTS CAN BE ACHIEVED BY USING BOX AND/ORt OPEN ENDC
CGR SOC IT WRENCHES THAT HAVE 24' LONG HANDTLES.

INDICATES LOCATION OP &Wd NAILS,

XEICPT POR NAILS USED POR TOE-

AILING.i DRiVf ALL NAILS PER.
ENICLR TOA LOO ANU NASAEIL PCFIA1Na' TAGOEAED~~~~~~' PATER AS SHOW LUNE-DL3A ~O ORAAL U~ HSRIHTRE NANO AA IE

CX UR 
FIIIAL ToRC FAC 

T LR ROP COENDICULARO TOUA FLOO AEND INAEDT SPECIFRA-ATO.
E 'A 'T' R N AS LUMHINSI- CoMMACA GRADE. ABI IWR TM TAIH

GRAINE CMRALD REO ADE ILDFCS E PC

.V1~ELBm-i

NAILS COMMON, REF FDrSECFI-1-15. LICANULR IN


